Invasion of terrestrial ecosystems by non-native plant species is a global environmental concern in light of the ability of some of these species to outcompete endemic species, with attendant implications for plant communities and the multiplicity of organisms that depend on native species for their survival and reproduction. It has further been suggested that non-native species can alter important ecosystem processes, such as nutrient cycling and decomposition, and thereby fundamentally change ecosystem functioning (Liao et al., 2008) . Some of the most invasive, non-native plant species studied have indeed been shown to decompose more quickly than native species in the ecosystem (Rothstein et al., 2004; Arthur et al., 2012) . This has negative implications for soil carbon (C) stocks and may cause elevated levels of soil nutrients, which, in turn, may make the site increasingly suitable for invasive species (Ehrenfeld et al., 2001) . Faster litter decomposition is a predictable consequence of some of the most successful invasive species, which tend to occupy one end of the leaf economics spectrum, being fast colonizers with rapid growth and little investment in permanent structures (van Kleunen et al., 2010) . These same functional traits predispose leaf litter from these plants to be more readily decomposable than litter of slower-growing species with more durable construction (Santiago, 2007) . From these observations has grown a generalization that invasive plants decompose more quickly, leading to more rapid cycling of nutrients and release of C in invaded ecosystems. A comprehensive test of this generalization is presented by ) who compare decomposition rates of leaves of 42 native and 36 non-native woody plant species, and those of fine roots of 23 native and 25 non-native species, that occur in temperate deciduous forests in the eastern United States.
'Predicting the factors that most closely relate to, and so should most reliably predict, litter decomposition rates has long been an obsession in this discipline.'
Contrary to expectation, Jo et al. detected no significant difference in mass loss from litter of native and non-native species during an 18-month incubation. However, they did find exceptionally high leaf decomposition rates for three invasive shrub species, and conclude that the general perception that invasive plant species have high litter decomposition rates may stem from a bias to study invaders that have a profound, readily observable influence on ecological functioning. Likewise, Liao et al. (2008) noted that their finding of increased litter decomposition in invaded ecosystems could reflect a few particularly influential invasive species. It appears, therefore, that generalizations about decomposition rates based on invasiveness or nativity are inappropriate; rather, we should seek to identify which invasive species are particularly likely to decompose rapidly with attendant potential to alter C fluxes and nutrient cycling.
How can we predict which plant species will decompose particularly rapidly? Predicting the factors that most closely relate to, and so should most reliably predict, litter decomposition rates has long been an obsession in this discipline. The factors that have shown most promise include chemical traits such as concentrations of nitrogen (N), phosphorus or total nutrients (or C : nutrient ratios), and contents of labile vs recalcitrant materials, that is, extractable compounds vs acid-unhydrolyzable residue (AUR, formerly referred to as 'lignin'). More recently, physical traits such as specific leaf area (SLA), specific root length (SRL) and dry matter content (DMC), which reflect the structural nature of the tissues, have been shown to correlate with litter mass-loss rates (Santiago, 2007; Fortunel et al., 2009) . Among the traits which they measured, Jo et al. found that mass-loss rates were more closely related to litter N concentrations than to structural functional traits (SLA, SRL, DMC), which runs counter to the purported dominance of functional traits in determining rates of decomposition (Cornwell et al., 2008) . In any event, these relationships greatly depend on the particular species included in the comparison and the variance of each trait within that pool of species, and so are not generalizable beyond the species and context of the study.
As all characteristics of a given litter have potential to influence its rate of decay, the best predictor will probably be an amalgam of both physical and chemical traits, not a single trait or type of trait. Identifying the invasive species that are likely to decompose particularly quickly might best be approached using the threshold approach (Prescott, 2010; Fig. 1) , and identifying those litters for which most, or all, concentrations or traits fall within the range at which they are non-limiting to decomposition. However, their effect would still be context-dependent (Castro-D ıez et al., 2014), as site characteristics, such as climate, soil moisture and nutrient regimes, and presence of certain soil fauna, could constrain or exacerbate changes caused by the nature of the litter.
Unlike most studies of litter decomposition which only measure leaf litter, Jo et al. also compared decomposition of root material of native and non-native plants, using 48 species in this comparison. Root decomposition is of particular interest for improving soil C stocks, as roots are more likely than leaf litter to form more stable soil organic matter, either in aggregates or bound to clay particles (Rasse et al., 2005) . Jo et al. found no differences between native and non-native species in root mass-loss rates. Interestingly, they found that roots of N-fixing plants decomposed significantly slower than roots of non-N-fixers, which appeared to be related to their higher concentrations of N and AUR. This may be the mechanism underlying the greater soil C stocks reported under N-fixing plants (Resh et al., 2002) , and is consistent with evidence that high concentrations of both N and AUR promote humification rather than decomposition (Prescott, 2010) . Planting or promoting Nfixing plants has been suggested as a means of increasing soil C retention and production (Prescott, 2010) . Further assessment of the mechanism and generality of this effect is needed to assist in decisions as to whether N-fixing species should be recommended in restoration programs with the objective of increasing C accumulation in soil.
Two critical questions need to be addressed before we can fully understand the influence of invasive species on decomposition and nutrient cycling.
(1) How well do rates of mass loss represent decomposition? The simplicity of the litterbag technique has led to its widespread use; it is currently almost the sole technique for quantifying decomposition rate, despite several recognized shortcomings. 'Mass loss' has become synonymous with 'decomposition', but this is true only if all of the litter that is no longer in the bag has been completely mineralized to constituent elements. Several lines of evidence call this assumption into question; for example, Berger et al. (2010) measured much smaller amounts of C released as CO 2 than measured as C remaining in decomposing litter; using 'litterboxes' around litterbags, Frouz et al. (2015) found that much of the litter mass that was 'lost' was actually present in the surrounding soil, having been transformed into fecal matter by soil fauna and deposited outside the bag. More studies are needed to accurately depict the transformations of organic matter that occur during decomposition and the fates of the organic compounds produced as a result of microbial and faunal activities. These studies will require novel techniques beyond the popular Boxes on the left represent suggested thresholds, beyond which decomposition will be constrained regardless of the levels of other factors. Boxes in the center are suggested nonlimiting levels for decomposition. Boxes on the right are the suggested ranges within which the factor is likely to influence decomposition rate. Note that this is the range in which factors will be correlated with decomposition rate; such analyses may not capture the over-riding influence of factors which are beyond the threshold (left column). N, nitrogen; AUR, acid-unhydrolyzable residue. From Prescott (2010) (2) Do higher rates of mass loss correspond to meaningful changes in important ecosystem services such as (a) nutrient cycling, availability and losses, and (b) C transformation, sequestration and loss? Although litter must decompose for the nutrients contained therein to be released, several studies have demonstrated a decoupling of mineralization of C (hence mass) and N (Verchot et al., 2001) . Likewise, many of the changes in nutrient availability that have been attributed to the effects of specific treatments on decomposition rate can be explained without invoking alterations in mass-loss rate, which often do not occur (Prescott, 2005) . In plots with invasive plant species, changes in N-cycling process rates have been reported in plots with invasive plant species (Ehrenfeld et al., 2001; Ashton et al., 2005; Liao et al., 2008) , but it cannot be assumed that this is a consequence of higher rates of decomposition per se (i.e. separate from the effects of greater mass and higher N concentration of invasive litter). In Ehrenfeld's study one species decomposed more rapidly than the native, but the other decomposed more slowly; in Ashton's paired study only one of the four invasive species decomposed faster than its native relative. In a metaanalysis of 113 invasive plant species, Castro-D ıez et al. (2014) found that exotic plant invasions increased N pools and accelerated N fluxes (greater N uptake, N return in litter and N mineralization) without affecting decomposition rate. It can also not be assumed that changes in litter mass-loss rates will necessarily lead to detectable changes in nutrient cycling rates.
Addressing these questions will be no simple task. The work by Jo et al. successfully tests one of our existing, inadequately supported generalizations about invasive plant species and litter decomposition. It will now be necessary to challenge more of the assumptions on which many of our generalizations rely, and to determine whether our interpretations of data actually reflect the changes in ecosystem functioning that we claim that they do. 
